Abstract. An efficient, simple and environmental friendly method has been developed to prepare silver nanoparticles (AgNPs) using tea polyphenols in the silver nitrate solution. The tea polyphenols acted as both reducing (from Ag + to Ag 0 ) and capping agent in the liquid phase. The synthesized AgNPs were characterized with UV-visible absorption spectrum, TEM, EDS spectrum and particles size distribution analysis. UV-visible absorption spectrum indicated a significant absorption peak at 425 nm related to the great synthesis of AgNPs in the aqueous solution. TEM images confirmed a typical spherical and an ellipsoidal morphology of AgNPs. Furthermore, the catalytic efficiency of synthesized AgNPs was evaluated for the reduction/degradation of hazardous acid dye using NaBH 4 as reducing agent. The AgNPs showed excellent catalytic activity in the degradation of Acid Red B by NaBH 4 , and 75% Acid Red B was catalytic degraded within 20 minutes.
Introduction
The synthesis of nanoparticles by various physical and chemical methods, such as ultrasonic irradiation [1] , laser ablation [2] , evaporative cooling [3] , chemical vapor deposition [4] , explosion [5] , impregnation [6] , co-precipitation [7] , sol-gel [8] and deposition-precipitation [9] , has been reported extensively. However, there is still a need for a more economic, commercially and eco-friendly route to synthesize silver nanoparticles (AgNPs). The synthesis of AgNPs using plant extracts as the reducing agents and stabilizers is the most adopted method of green production of nanoparticles [10] [11] . Green synthesis does not involve the use of any toxic chemicals and it is cost-effective, environmental friendly, zero energy based and less time consuming process. Many kinds of plants have been successfully utilized for synthesizing AgNPs. Among the plant extracts, tea polyphenols from tea leaves have been attracted broad attention recently in AgNPs synthesis [12] [13] . Green synthesized AgNPs by tea polyphenols have been investigated on antibacterial activities and catalytic reduction of 4-nitrophenol and Methylene blue (MB) [14] [15] . Further study was needed on the catalytic effect of AgNPs on the degradation of hazardous organic dyes used in dyeing and printing factory.
Thus, the AgNPs were green synthesized using tea polyphenols in this study. The green synthesized AgNPs were characterized using various microscopic and analytic techniques including UV-Vis spectroscopy, transmission electron microscopy (TEM), EDS spectrum and particles size distribution analysis. Furthermore, catalytic degradation of organic dye in the presence of NaBH 4 using tea polyphenols synthesized AgNPs was investigated in this paper. To the best knowledge of the authors, such type of catalyst for the degradation of hazardous organic dyes in the aqueous solution has not been reported in the literature.
Materials and Methods

Materials
Silver nitrate (AgNO 3 99.8%) was purchased from Aladdin Industrial Corporation. Tea polyphenols (99%) was purchased from Xi'an Jinghong Biotechnology Co. Ltd. The Acid Red B was provided by the Zhejiang Runtu Co., Ltd. The pH was adjusted using 0.1M NaOH (Sigma-Aldrich) aqueous solution. All the chemicals and reagents used in the paper were of analytical grade.
Synthesis of Ag-NPs
10mL silver nitrate (0.01M) was added to 90mL of freshly prepared tea polyphenols solution in the ratio of 1:5. Progressively, formation of AgNPs was observed by visual color change from faint yellow to darker shades of brown, which was further confirmed by UV-Vis spectrophotometer.
Characterization UV-visible Absorption Spectrum. The reduction of silver ions was recorded by measuring the UV-visible absorption spectra of the liquid solutions in the beginning and after the synthesis reaction. The UV-visible absorption spectrum analysis was done by using UV-visible spectrophotometer (Shimadzu UV-3600) in the wavelength of 200-800nm.
Transmission Electron Microscopy.
The size and morphology of AgNPs were determined by a TecnaiG220 (FEI, USA) at an accelerating voltage of 300kv. Samples were prepared by placing a drop of AgNPs solution on the TEM carbon-coated copper grid, followed by solvent evaporation at room temperature. TEM-EDS spectrum (EDAX, USA) was investigated to confirm the existence of AgNPs in the liquid solution.
Particle Size Distribution Analysis. Particle size distribution of bio-reduced AgNPs in the aqueous solution was measured by the Zetasizer Nano series (Malven, UK) at 25℃.
Catalytic activity of AgNPs. Catalytic activity of synthesized AgNPs was performed by degrading Acid Red B. 3mL Acid Red B (50mg/L) solution was added with 0.1 mL NaBH 4 (0.2M) and 0.1ml AgNPs (100μg/mL) solution The reduction process was monitored by recording spectra using UV-vis spectrophotometer at regular time intervals. When the AgNO 3 was subjected to the tea polyphenols solution, the biosynthesis reaction started within few minutes and the color reaction was observed in which the color of the solution turned into darker shades of brown indicating the formation of AgNPs. The UV-Vis absorption spectra of tea polyphenols and AgNPs were shown in Figure 1 . As shown from the UV-visible absorption spectra, a distinct peak of 425nm was observed which belongs to surface plasmon absorption band of AgNPs. The particle size distribution and morphology of AgNPs were characterized by Zetasizer Nano series and transmission electron microscope (TEM). Figure 2 shows the particle size distribution and TEM image of AgNPs. The average size of AgNPs is around 28nm (Figure 2b) , which is similar to the TEM images (Figure 2a) . TEM images also confirmed a typical spherical and an ellipsoidal morphology of AgNPs. EDS spectrum (Figure 3 ) demonstrated the presence of element Ag, which indicated that AgNPs were successfully synthesized in the liquid solution. 
Results and Discussion
Characterization of AgNPs
Catalytic Degradation of Acid Red B
In this research, the Acid Red B was selected for the evaluation of the catalytic activity of the tea polyphenols green synthesized AgNPs in the aqueous solution with NaBH 4 . The aqueous solution of Acid Red B was bright red in color. The UV-vis spectrum of aqueous solution showed strong absorptions at 528 nm and 311nm. Figure 4 shows the UV-vis spectra recorded at different minutes for the reduction of Acid Red B catalyzed by AgNPs. As shown from Figure 4 , as soon as the catalyst was added, the absorbance at 528 nm decreased continuously with time. This was accompanied by the concomitant appearance and growth of a new peak at 392 nm. With the decrease in intensity of 528 nm, the intensity of the product peak was found to increase with passage of time. Furthermore, 75% Acid Red B was reduced within 20 minutes which testified the excellent catalytic activity of AgNPs. In this reaction, the concentration of NaBH 4 was relatively high, so the pseudo-first order kinetic with respect to Acid Red B could be used in this case to evaluate the kinetics of the reaction. The reaction kinetic can be represented using the equation ln(A t /A 0 ) = -kt, where k is pseudo-first order rate constant, t is the reaction time, [A 0 ] is the concentration of Acid Red B at time t = 0 and [A t ] is the concentration at time "t" which can be obtained from the absorbance of the peak at 528. 
Summary
The biosynthesis of AgNPs using tea polyphenols as a reducing and capping agent was presented. The AgNPs were successfully synthesized by analyzing different analytical techniques such as TEM, EDS, UV-visible absorption spectrum and particle size distribution. UV-visible absorption spectrum showed a peak at a wavelength of 425 nm, which indicated the surface plasmon resonance that establishing the formation of spherical AgNPs in the liquid solution. The AgNPs showed excellent catalytic activity in the degradation of Acid Red B by NaBH 4 , and 75% Acid Red B was degraded within 20 minutes.
